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NATTONMAL ADVISORY COMMITTEE FOR AERONWAUTICS

HEMORANDUM RILPORT

for the
army Alr Porces, Materiel Cormand
COMPRESSTVE, STRENGTH OF CORRVJGATED-3HEET-SULIFLNED
PLNELS FOR CONSOLIDATED XB-36 ATRPLANE
Ry Robert A. Yeinberger, William C. Sperry,

and Charles V. Dobrowskl

Compression tests were made of 63 pasnels stiffened
with corrugated sheet. The specimens were constructed
from artificially aged alclad 248-T aluminum alloy with
minimum guaranteed vield strengths of 57 and 48 kips psr
sguare inch for the flat- and corrugsted-sheet materials,
reanectively. ‘

'Y

Results of the tests are presented in charts which
show the average stresses at the maxi

mum load and at
buckling of the shest. '

INTRODUCTION

To provide information on the Compressive strength
of stiffened panels, the proportions of which vary over
an extensive range, tests were performed at tho request
of the Army Air Forces ON panel specimens with corrugated-
sheet stiffening. The specimens were made by the
Consolidated Vultee Aircreft Corporation.

The thicknesses of the flat and corrugated sheets
and the specimen length were varied systematically for
two sizes of corrugabion to shov the effects of changes
In these dimensions on the strength of the panels,

TEST SPECTIMINS

Cross sections of the two types OF specimen are
showvn In figures 1 and 2. The material of the specimens



iTicially aged alclad 243«T eluninum alloy with

grain of both the flat and the corrugated sheet i
1l to the corrugations, Twenty-seven of the

_ were of the c¢ross section shown in figure 1, and

£5 were of the cross section shown in figure 2.

The cross-~sectional area was determined from the
density of the material and the weight and leugth of
each kpeoimea, with prover allowance for the weight of
the rivet heads.

Proportions of the test specimens are designated
by the syrmbols shown in firures 1 and 2, and the nominal
d’WCTQTOWS, furnished by the manufacturer, are given in
the charts that pregsent the test results. In the
prenaration of the test data actval values of the dimen-
sions, obtained by measurement of the specimens, wsere
used.

g

Jethiod of Testing !

The specimens were tested in the 1,200,000-pound-
capacity testing machin th ational Acdvisory s
Ccmmittee for Acronautil reo~’e<rarcb laboratory
Figure 3 shows one of ns under test, The
enids of each specim 117 ground flat, parallel
to each other, and n LVe longitudinal axis of
the specimsn. The alinement of the specimens in the
testing machine €0 0 retain the flatnesgs and paral-
lelism of the encds was accomplished by means of the gulde
bars shown in flgur@ S These gulds bars wvers backeé
away from the svecimen before fhe maxinum lcad was reeched.

Eattrom
S'—CF’S

-

rains on t%e flat and cor“ug¢tud sheets were meas-
re -resistance~-type strain gages. The strain
flat sheelt were located in pairs attached
ides of the gheet, Figure 4 shows the
gages on the stiffener side of the flat
ges were attachied to the flat sheet
eting operaticn. The lead wires Ifrom the
ages were brought out through holes in a hardensed
g D¢ock in order to avold drilling holes in any

of the specimen, The over=-all shortening of each
men was measured with dial indicstors.
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Test Results

The average stress at maximum load was determined
for each pansl. This stress was adjusted to apply to
a panel that did not inclide the area 0f flat and cor-
rugated sheet beyond ths outer rows of rivets. It
was adjusted also to minimum guaranteed properties of
the materials, The procedures by which these adjust-
ments were performed are described in the appendix.

The strengths of the panels as shown in figures 5
end 6 were obbained in flat-end tests in which the
average cocfficient of end fixity was assumed 1O be
3,75, (See appendix.) As the aircraft gesigner !
more frequently interested In the strength of nane”
considered as columns with end-fixity coefficients of
c =1 or c¢c = 1.5, the actual lengths of the epecimens
have been reduced to equivalent lengths corresponding
to the latter two values of the end-fixity coefficient.
The abscissa scales on the charts therefore show the
iengths of corrugatec-sneet panels with end-fix Ky
coefficients o ¢ =1 and c¢c = 1.5 and with strengths
equal to those of the test specimens,

The average stress at which buckling of the sheet
occurred was determined for the specimens by the method
described in the appendix. Buckling stresses.for
specimens with the same cross section but with different
lengths were averaged, and this averaged stress 1s Indi-

~

cated in figures 5 and 6 by a short horizontal line.

Tangley Memorial Aeronautical Laboratory,
National Advisory Cormmittee for Aeronautics,
Iangley Field, Va., January 28, 1044.



APTENDIX : -

The manner in which the Lest data should be pre-
sented was decided in conference with Dr. H. L. Langhaar,
of the Consolidated Vultee Aircraft Corporation. The
procedure i1s similar to that of reference 1. The test
data for each specimen included strain measurements on
the flat and the corrugated sheet and over-all shortening
of the panel at a number of loads varying from the
initial load to a load near maximum.

The symbols used in the equations and Tigures for
mmamamat+ian and nrasentation of the test results are as
followszs

a distance from outer row of rivets to edge of sheet,
in.

be depth of corrugation, in.

b distance between adjacent rivet rows, in.

r o s

c fixity coefficient in the Fuler column formula

te thickness of corrugated sheet, in.

tg thickness of flat sheet, in.

5

A cross-gsectional area of specimen, sq in.

Ag cross-sechlonal area of corrugated skeet, sq
in.

Ag cross-sectional area of flat sheet, sq in.

Fvp weighted compressive yileld strength for a panel

14, which the flat and corrugsted sheels do not
extend vevond the cuter rivet rows, ksl

(FYP)C‘compressive yvield strength for corrugated sheet,

ksi
(Fvyp) compressive yield strength for flat sheet, ksi
L specimen length, in.

maximum load on panel, kips



o! adjusted average stress at meximum load for a
panel in which the {lat ana corrvgated sheets
do not extend beyond the outer rivet rows, ksi

Ta stress in corrugated sheet at maximum 1oad, ksi
Oqg stress in flat sieet at maximum load, ksi

The esssential steps taken in preparing the test data
esentavicn are as followss

1, The 10&d QYL th@ 3
tel’liﬂg Der inch of spec

, imen weas plotted agalinst
T 3

at nmeximum load was obtained
4

an length, and the strain

v eﬂfrabolafl on of the curve
his plot, The strain was converted to stress
rrugated sheet Og by use of the stress-strain
the corrugated-~sheet material,

1"
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o
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2. At maximun 1

oad, the longitudinal strain in
the flat cheet near the rivet rows was assumed to be the
same ag the longitudinal strain ian the corrugated sheet.
This strain in the flat sheet was converted to stress Og
by use of the stress-strain curve for tihe flat-sheet
material.

2. The average stress at maximvm load for each
specimen wvas adjuvsteda to plI to a raqei in which the
flat and corrug cated obbpuq do not extend tevond the outer
rivet ToOws. mlLb adjusted average stress was obtained
by the equation

4, The adjusted average stresses of step &
were also adjusted for minimum guawapte d material proper-
ties by the methcd described in reference 2. Because
the sheet and stiffening materisals pOSSbSSGd‘diffePent
prﬁhertleb, it was necessary to determine a welgnted
yield strength for a panel. The weighted compression
vield strength used for the panels of this investigation
is given by

(Pyp), (e - 2ato) + (Pyp) (As - 2ats)

(AC - gatc) -+ (As‘“ Zats)

Wyt
I’Yl)



The welghted guaranteed compression yield stress for a i
ranel i3 obtained from the preceding equation when tlie

minimum guaranteed yield strengths of 48 and 57 ksl are

substituted f0f (Fyp), end (Fyp)g, respectively.

These minimum guaranteed yield strengths were supplied

by the Consolidated Vultee Aircraft Corvoration.

The average stress at maximum load thet is ob-
tained from steps 3 and 4 is the average stress, adjusted
for standard material properties, for a panel in which
the flat end corrugated sheets do not extend beyond the
outer rivet rovs.

5. Teste in the 1,hﬁo 000-pound-capacity
testing machine in the NACA structures-research laboratory
indicate that an averags end-fixity coefficient of about
3:.75 is obtained in flat-end tests of panels similar to
the panels of this investigation, This value, then, was
sssumed to apply to all panels with corrugated-sheet gtif-
fening.,

The pin- en& 1en5fh of a panel Lhat ig egquivalent
to a panel with end-Tixity cosfficient of Z.75 was deter=- 5
mined by multiplying the actual length of Ln Lest
specimen by

\

d

!

u"li

7t

F'or these values of pin=end length, the adjusted
average stress at maximum load was plotted -using the upper

abscissa scale presented in the figures, The liower
abscissa scale for c¢ = 1.5 wag obtained by multiplying
values of length on the upper scale by

[1.5

V1 '

6. Buckling of° the flat sheet was determined
from the longitudinal strain measurements made on the
panel, Each width of flat sheet between rivet rows was
considered to be a long flat plate with the loaded edges
at the ends of the panel and with the unloaded side 4
edges at the center lines of the rivet rows. For each
width of flat sheet, the averare strafn at the side edge
was plotted against the average strain at the center. .



o]

strain at the side edge was assumed to be the same as
strain 1IN the corrugated sheet and wus obtained from
strain gages attached to the corrugated sheet. (3ee
Zs) The strains at the middle of each width of

t alaect were obtained by direct measurement, (See

. Ao) The critical strain for the flat sheet was
taken as that value of edge strain at which the curve of
edge strain plotted agalnst csnter strain showed a2 defi-
nite deviation from a straight line. The load on the
panel at the critical strain was then obtained from a
curve of load plotted against the average strain in the
corrugated sheet, and this critical load wes converted
to the average stress on the cross section of the panel.
For panel:: of the same cross section but of different
lengths, the critical stresses wers averaged and these
averaged stresses are indicated in figures &5 and 6.
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Figure | .-Cross section of panel.
Seven corrugations, bz 2in.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2.- Cross section of panel.
Five corrugations, b, 3in.
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Figure 3.~ A corrugated-sheet-stiffeme® specimpn in testing machine

ready for testits.
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